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'ABSTRACT 

Background. Different phosphate binders exert differing 
effects on bone mineral metabolism and levels of regulating 
hormones. The objective of this post hoc evaluation of the 
CALcium acetate MAGnesium carbonate (CALMAG) study 
was to compare the effects of calcium acetate/magnesium car- 
bonate (CaMg) and a calcium-free phosphate binder, sevela- 
mer-hydrochloride (HCl), on serum levels of fibroblast growth 
factor-23 (FGF-23) and markers of bone turnover. 
Methods. This secondary analysis of the controlled, random- 
ized CALMAG study, comparing the effect of CaMg and seve- 
lamer-HCl on serum phosphorus (P), aimed to investigate the 
parameters described above. The analysis included 204 
patients who completed the initial study per protocol (CaMg, 
n = 105; sevelamer-HCl, n = 99). 

Results. The study showed that serum levels of FGF-23 were sig- 
nificantly reduced with CaMg and sevelamer-HCl, with no 
difference between groups at Week 25 [analysis of covariance 
(ANCOVA); log-intact FGF-23 (iFGF-23), P = 0.1573]. FGF-23 
levels strongly correlated with serum P levels at all time points in 
both groups. The bone turnover parameters alkaline 
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phosphatase (AP), bone AP (BAP), procollagen type 1 amino- 
terminal propeptide 1 (PINP), osteoprotegerin (OPG), beta- 
crosslaps (P-CTX) and tartrate-resistant acid phosphatase 5b 
(TRAP 5b) increased significantly in the sevelamer-HCl group; 
they remained almost unchanged in the CaMg group, after the 
initial phase of P lowering (ANCOVA, P < 0.0001 for all except 
OPG, P = 0.1718). 

Conclusions. CaMg and sevelamer-HCl comparably lower 
serum levels of iFGF-23. Changes in bone parameters were de- 
pendent on characteristics of the phosphate binder; in contrast 
with sevelamer-HCl, CaMg had no influence on bone turnover 
markers. 



INTRODUCTION 

In patients with chronic kidney disease stage 5 (CKD 5), elev- 
ated serum phosphorus (P) levels are associated with an in- 
creased risk of morbidity and mortality [1-6]. Therefore, 
control of serum P levels is a key objective in the management 
of chronic kidney disease-mineral and bone disorder (CKD- 
MBD). In addition to optimal dialysis and dietary restrictions, 
oral phosphate binders such as calcium (Ca) acetate and the 
non-Ca-containing agent sevelamer-hydrochloride (HCl) 
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constitute key treatment options in hyperphosphataemia. The 
recent CALcium acetate MAGnesium carbonate (CALMAG) 
randomized, controlled trial demonstrated that the combi- 
nation phosphate binder calcium acetate/magnesium carbon- 
ate (CaMg) is non-inferior to sevelamer-HCl at controlling 
serum P levels in patients receiving haemodialysis (HD), thus, 
presenting another effective treatment option [7]. 

Hyperphosphataemia is associated with elevated levels of 
fibroblast growth factor-23 (FGF-23) and parathyroid 
hormone (PTH) [8]. Increased FGF-23, hyperphosphataemia 
and elevated PTH are independently associated with increased 
mortality in CKD [9-14]. FGF-23, a master regulator of P, 
PTH and l,25-(OH)2D3 [15-17], is also implicated in cardio- 
vascular disease [10, 14, 18-20] and is becoming increasingly 
recognized as an important marker for outcome and severity 
of disease in CKD-MBD. However, unfortunately there are 
currently very few strategies available to enable a significant 
reduction in its level in patients with CKD. 

Recent studies have reported a greater reduction in FGF-23 
with sevelamer-HCl than with Ca acetate [21, 22] and, there- 
fore, there is now an increased interest in investigating how 
other, newer phosphate-binding agents (such as CaMg) affect 
FGF-23. Previous studies that have investigated the impact of 
phosphate binders on bone metabolism include the comparison 
between sevelamer-HCl and Ca acetate [21] and between sevela- 
mer-HCl and Ca carbonate [23]; however, no comparisons of 
sevelamer-HCl and CaMg have yet been reported. Moreover, as 
an emerging role of FGF-23 in the bone-kidney axis becomes 
apparent [24] , it is also important to compare the concomitant 
changes in bone markers in response to treatment. 

In order to evaluate the effects of different phosphate 
binders on FGF-23 and markers of bone turnover, we per- 
formed a secondary analysis of data from the CALMAG study 
comparing the effect of CaMg versus sevelamer-HCl on these 
parameters in patients receiving HD. 



SUBJECTS AND METHODS 
Study population and design 

FuU details of the CALMAG study, which compared the 
tolerability and efficacy of two different oral phosphate binder 
treatments (CaMg and sevelamer-HCl) for 24 weeks in HD or 
online haemodiafiltration (HDF) patients, have been described 
previously [7]. The primary endpoint of the original trial was 
to determine the efficacy of CaMg compared with sevelamer- 
HCl as an active control in lowering serum P [7]. 

This secondary analysis was performed with the objective 
of comparing the effects of both phosphate binders on FGF-23 
and different bone turnover markers. 

Patients aged 18-85 years, in stable condition, without 
additional serious illness, received one of two study medi- 
cations: 435 mg of Ca acetate (containing 110 mg elemental 
Ca) combined with 235 mg of magnesium (Mg) carbonate 
(containing 60 mg elemental Mg) (OsvaRen*; Fresenius 
Medical Care Nephrologica Deutschland GmbH, Bad 
Homburg, Germany) or sevelamer-HCl 800 mg (Renagel*; 
Genzyme Corporation, Cambridge, MA) for 24 weeks. A 



standardized titration scheme was used in order to reduce 
serum P levels <1.78 mmol/L (5.5 mg/dL). 

Study parameters 

In addition to parameters reported previously, serum 
samples from baseline. Weeks 9 and 25 were also analysed for 
FGF-23. Markers of bone formation including alkaline phos- 
phatase (AP), bone AP (BAP), procollagen type 1 amino- 
terminal propeptide 1 (PINP) and osteoprotegerin (OPG) 
were determined as well as a marker of bone resorption, beta- 
crosslaps ((3-CTx), and a marker of osteoclast activity, tartrate- 
resistant acid phosphatase 5b (TRAP 5b). 

Measurements were performed at the central laboratory 
using the following assays: inorganic P, molybdate reaction 
without deproteinization; total Ca, photometric colour test; 
ionized Ca (iCa), OPTF R blood gas analysis (OPTI Medical); 
total Mg, xylidyl blue; intact PTH (iPTH), human intact PTH 
electrochemUuminescence immune assay (ECLIA); intact 
FGF-23 (iFGF-23), human intact FGF-23 enzyme-linked im- 
munosorbent assay (ELISA) (Immutopics); AP, according to 
International Federation of Clinical Chemistry and Laboratory 
Medicine, 37°C; BAP and TRAP 5b, enzyme immunoassay 
(EIA) (Microvue Bonehealth, Quidel Corporation, Biosource); 
(i-CTX and PINP, ECLIA for Cobas/Elecsys (Roche); human 
OPG, ELISA (Biovendor). 

Reference values: P, 0.87-1.45 mmol/L; total Ca, 2.20-2.60 
mmol/L; iCa, 0.95-1.35 mmol/L; total Mg, 0.65-1.05 mmol/L; 
iPTH, 15-65 pg/mL; iFGF-23, 7.0-29.3 pg/mL; AP, female 
35-104 U/L, male 40-129 U/L; BAP, female median 25.0 U/L 
(90% CI 14.2-42.7 U/L), male median 23.2 U/L (90% CI 15.0- 
41.3 U/L); PINP, female median 37.09 \ig/L (5-95th percen- 
tile, 16.27-73.87 ^g/L); (3-CTx, female 556 ± 226 pg/mL, male 
304 ± 200 pg/mL; TRAP 5b, female 4.3 ± 1.5 U/L, male 
4.0 ± 1.4 U/L; OPG, mean 4.1 ± 2.3 pmol/L. 

Statistical analysis 

The differences in biochemical serum parameters between 
treatment groups were tested using an analysis of covariance 
(ANCOVA) model for repeated measures. The factors for 
study treatment, centre (pooled), dialysate Ca concentration, 
dialysis method (HD or online-HDF) and use of vitamin D 
and cinacalcet were included in the model. The respective 
baseline value was added as a covariate. 

Differences between groups in mean baseline biochemical 
serum parameters were tested using the Mann- Whitney test. 
WUcoxon tests were applied to describe the statistical signifi- 
cance of changes over time within a treatment group. All tests 
were carried out at a two-sided significance level a of 5%. 

In order to dissect the acute effect of phosphate lowering 
after the wash-out and the long-term effect of different phos- 
phate binders, in addition to the overall comparison, we split 
the analysis into two phases: the initial phase of phosphate 
lowering. Weeks 1-9, and the maintenance phase. Weeks 9- 
25. 

All analyses were based on the per protocol set (PPS), 
which included all patients who were randomized and com- 
pleted the study without major protocol violations. Data and 
figures are presented as median and interquartile range (Q3- 
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Table 1. Baseline biochemical serum parameters (median; Q1-Q3) of the two study groups (PPS) 


Parameter 


CaMg 


Sevelamer-HCl 


Significance Mann- 
Whitney test (P) 


Phosphorus (mmol/L), n = 105/99 


2.41; 2.05-2.73 


2.42; 2.12-2.78 


0.6762 


Total calcium (mmol/L), n = 105/99 


2.20; 2.03-2.30 


2.17; 2.09-2.31 


0.6418 


Ionized calcium (mmol/L), n = 99/91 


1.09; 1.01-1.16 


1.09; 1.03-1.16 


0.6147 


Magnesium (mmol/L), n = 105/99 


0.98; 0.89-1.09 


0.99; 0.89-1.09 


0.9046 


Actual bicarbonate (mmol/L), n = 93/84 


21.3; 19.1-23.2 


20.9; 18.8-22.9 


0.6884 


iPTH (pg/mL), n = 102/96 


390; 251-607 


422; 286-557 


0.9486 


iFGF-23 (pg/mL), n = 100/96 


570; 251-1741 


779; 278-1769 


0.3334 


Log iFGF-23 (pg/mL), n = 100/96 


6.3; 5.5-7.5 


6.7; 5.6-7.5 


0.3334 


AP (U/L), n = 105/99 


90; 69-110 


88; 66-115 


0.6598 


Bone AP (U/L), « = 99/95 


25.4; 16.5-33.5 


23.1; 17.9-32.3 


0.4866 


Total PINP (^ig/L), n = 99/95 


403.9; 289.5-606.5 


425.5; 271.5-670.6 


0.9470 


OPG (pmol/L), n = 96/95 


19.47; 12.99-24.24 


15.78; 12.43-21.68 


0.0568 


|3-CTx(pg/mL), « = 99/95 


2552; 1806-3357 


2818; 1726-3544 


0.3491 


TRAP 5b (U/L), n = 99/95 


3.3; 2.1-5.3 


3.3; 2.2-5.5 


0.8050 


25-(OH) vitamin D3 (ng/mL), n = 99/95 


38; 20-50 


33; 24-60 


0.6571 


l,25-(OH)2 vitamin D3 (pmol/L), n = 99/95 


16.2; 10.2-22.9 


14.1; 10.7-20.3 


0.3964 


AP, alkaline phosphatase; P-CTx, beta-crosslaps; CaMg; calcium acetate/magnesium carbonate; HCl, hydrochloride; iFGF-23, intact 
fibroblast growth factor-23; iPTH, intact parathyroid hormone; OPG, osteoprotegerin; PINP, procollagen type 1 amino-terminal 
propeptide; PPS, per protocol set; TRAP 5b, tartrate-resistant acid phosphatase 5b. 



Ql). Pearson's correlation coefficients and the respective two- 
sided P values were calculated between iFGF-23, iPTH, actual 
bicarbonate and P, iCa, total Ca, Mg, AP, BAP, PINP, OPG, 
TRAP 5b and P-CTx over the whole treatment period and at 
all measured time points. 



'RESULTS^ 

Patients and baseline characteristics 

Of the 326 patients who were included in the CALMAG 
study, 255 were randomized and 204 [105 patients (CaMg) 
and 99 patients (sevelamer-HCl)] completed the study as per 
protocol. There were no significant differences in baseline 
characteristics between groups in terms of underlying disease, 
comorbidities or disposition of covariates, including the use of 
any vitamin D (reported previously) [7] or in biochemical 
serum parameters (Table 1). In both of the groups, the min- 
ority of patients (CaMg: 38.1%, n = 40; sevelamer-HCl: 29.3%, 
n = 29) were treated with any form of vitamin D, either with 
cholecalciferol, calcitriol or another vitamin D receptor activa- 
tor. As written in the protocol and as confirmed by further 
analysis of co-medication, baseline medication was not 
changed during the course of the study. 



Mineral metabolism and intact parathyroid hormone 

Parameters of mineral metabolism and iPTH at Weeks 1, 
9 and 25 are given in Table 2. Data analysed from the PPS con- 
firmed the results of the primary analysis involving the full 
analysis set regarding mineral metabolism in both of the 
groups [7]. Major changes in P, actual bicarbonate and total 
Ca (only in the CaMg group) and iPTH occurred during the 
first 9 weeks — the phosphate-lowering phase of the study. 
Changes in serum P from Weeks 1-25 for both of the groups 
are shown in Figure la. Changes in iPTH from Weeks 1-9 cor- 
related significantly with changes in serum P, for both treat- 
ment arms (r=0.44, P< 0.0001 for CaMg and r = 0.37, 
P = 0.0002 for sevelamer-HCl, respectively). In addition, in the 
CaMg group they were also inversely related to changes in 
total (r = -0.35, P = 0.0003) and ionized serum Ca (r = -0.27, 
P = 0.0065), Mg (r = -0.34, P = 0.0005) and actual bicarbonate 
(r = -0.21, P = 0.0458) (Supplementary data. Table SI). 

Intact fibroblast growth factor-23 

Intact FGF-23 (iFGF-23) and log iFGF-23 declined signifi- 
cantly during treatment with both phosphate binders, specifi- 
cally during the first 9 weeks of treatment, with no difference 
between groups after 25 weeks of treatment (ANCOVA, 
P = 0.1573) (Table 3 and Figure lb). iFGF-23 strongly corre- 
lated with serum P (Week 25 all patients: r = 0.34, P < 0.0001) 
at all time points in both of the groups. However, the change 
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Table 2. Median (Q1-Q3) serum minerals, actual bicarbonate and intact parathyroid hormone parameters of the two study groups (PPS) 
at baseline, Weeks 9 and 25 (for the statistical analyses between treatment groups, values were adjusted for the baseline value, centre and 
covariates) 



Laboratory 
parameter 


CaMg 


Sevelamer-HCl 


Significance 

(between 

groups) 

AiN ^KJ V A 

(repeated 
measures) 


Weekl 


Week 9 


WUcoxon 
test (Wl 
versus 
W9) 


Week 25 


WUcoxon 
test (W9 
versus 
W25) 


Weekl 


Week 9 


Wilcoxon 
test (Wl 
versus 
W9) 


Week 25 


Wilcoxon 
test (W9 
versus 
W25) 


Phosphorus 
(mmol/L) 


2.41; 

2.05-2.73 


1.65; 

1.35-2.04 


P< 0.0001 


1.66; 

1.30-1.98 


P = 0.4802 


2.42; 

2.12-2.78 


1.78; 

1.45-2.10 


P< 0.0001 


1.69; 

1.32-2.02 


P = 0.7013 


P = 0.1635 


Total 

calcium 

(mmol/L) 


2.20; 

2.03-2.30 


2.22; 

2.13-2.36 


P = 0.0001 


2.24; 

2.14-2.34 


P = 0.8032 


2.17; 

2.09-2.31 


2.22; 

2.11-2.31 


P = 0.3285 


2.20; 

2.06-2.30 


P = 0.0565 


P = 0.0053 


Ionized 
calcium 
(mmol/L) 


1.09; 

1.01-1.16 


1.13; 

1.08-1.18 


P< 0.0001 


1.13; 

1.07-1.19 


P = 0.9442 


1.09; 

1.03-1.16 


1.13; 

1.09-1.19 


P < 0.0001 


1.13; 

1.07-1.18 


P = 0.0588 


P = 0.7356 


Magnesium 
(mmol/L) 


0.98; 

0.89-1.09 


1.26; 

1.15-1.41 


P< 0.0001 


1.28; 

1.15-1.46 


P = 0.2868 


0.99; 

0.89-1.09 


1.07; 

0.96-1.17 


P< 0.0001 


1.04; 

0.95-1.15 


P = 0.0537 


P< 0.0001 


Actual 

bicarbonate 

(mmol/L) 


21.3; 

19.1-23.2 


23.3; 

21.2-25.3 


P< 0.0001 


23.0; 

20.3-25.2 


P = 0.8501 


20.9; 

18.8-22.9 


20.2; 
18.1-22.9 


P = 0.0442 


20.2; 

17.8-23.6 


P = 0.4566 


P = 0.0002 


iPTH 

(pg/mL) 


390; 

251-607 


283; 

187-478 


P< 0.0001 


312; 

159-436 


P = 0.1 159 


422; 

286-557 


345; 

217-468 


P< 0.0001 


373; 

227-521 


P = 0.0896 


P = 0.0553 


ANCOVA, analysis of covariance; CaMg; calcium acetate/magnesium carbonate; HCI, hydrochloride; iPTH, intact parathyroid hormone; PPS, per protocol set. 
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FIGURE 1 : View of selected parameters from Tables 2 and 3 to 
illustrate the impact of phosphate binders on serum levels of (a) phos- 
phorus, (b) log-intact FGF-23, (c) bone AP and (d) beta-crosslaps. 
Time course of values at Weeks 9 and 25 of the calcium acetate/mag- 
nesium carbonate group (« = 105) and of the sevelamer-HCl group 
(« = 99) (PPS) is displayed in white and grey, respectively. Probability 
values are the result of the Wilcoxon test for within-group signifi- 
cance (Week 9 versus Week 1 and Week 25 versus Week 9, respect- 
ively) and repeated measures ANCOVA for between-group evaluation 
(indicated by asterisks). The plotted values indicate medians and in- 
terquartile range, with 10th and 90th percentiles as the error bars. 



in iFGF-23 correlated with the change in serum P in the CaMg 
group (r = 0.36, P = 0.0002), but not in the sevelamer-HCl 
group (r = 0.11, P = 0.3047). In addition, the change in iFGF- 
23 correlated inversely with the change in serum Mg 
(r = -0.28, P = 0.0047) in the CaMg group. No correlations of 
the change in iFGF-23 with changes in ionized or total Ca 
were observed in either group. The change in iFGF-23 was 



found to correlate weakly with a change in iPTH, but only in 
the sevelamer-HCl group and only in the first part of the study 
(Supplementary data, Table SI). 

Bone parameters 

Over the entire treatment period, all bone markers in- 
creased significantly in the sevelamer-HCl group (P < 0.0001 
for all, except OPG, P = 0.0100 and P-CTx, P = 0.0003). In the 
CaMg group, bone markers showed a more differentiated be- 
haviour. BAP and AP also increased (P < 0.0001 and 
P = 0.0018, respectively), but to a lower degree than in the se- 
velamer group (ANCOVA, both P< 0.0001). PINP 
(P = 0.1228), OPG (P = 0.0906) and TRAP 5b (P = 0.3930) re- 
mained unchanged. P-CTx decreased significantly over time 
(P = 0.0004), although the decrease occurred only during the 
first period (Weeks 1-9) (Table 3). 

When analysing the data separately for the two investi- 
gation periods (Weeks 1-9 and 9-25), more pronounced 
changes were observed from Weeks 1-9 in both of the groups. 
In the CaMg group, TRAP 5b was the only marker that in- 
creased significantly from Weeks 9 to 25. However, in the seve- 
lamer-HCl group, significant increases were seen for BAP, 
PINP, P-CTx and TRAP 5b from Weeks 9-25 (Table 3, 
Figure Ic and d). 

Changes in AP and BAP did not correlate with changes in 
iPTH or iFGF-23 in either group. However, from Weeks 1 to 
25 changes in other bone markers correlated with changes in 
iPTH: for sevelamer-HCl, with PINP, P-CTx, TRAP 5b and 
inversely with OPG; for the CaMg group, only with PINP and 
TRAP 5b (Supplementary data. Table SI). 



DISCUSSION 

The aim of this post hoc analysis of the randomized, controlled 
CALMAG study was to determine the impact of phosphate 
binder therapy on serum levels of FGF-23 and bone markers 
and to explore whether a difference exists between combined 
Ca and Mg salts and a non-Ca-containing phosphate binder. 

Decrease in serum levels of fibroblast growth factor-23 

The study confirmed that serum levels of FGF-23 decreased 
significantly with both CaMg and sevelamer-HCl during the 
study period, with no difference between groups at Week 25. 
Furthermore, FGF-23 levels strongly correlated with serum P 
levels at all time points in both of the groups; however, 
changes over the whole study period in serum P correlated 
with changes in iFGF-23 only in the CaMg group. Similarly, in 
this group changes in serum Mg over time inversely correlated 
with changes in iFGF-23. 

While a greater reduction in iFGF-23 with sevelamer-HCl 
versus Ca acetate has been reported in other studies [21, 22], 
our investigation clearly shows that the phosphate binder 
CaMg leads to similar effects. Differences between Weeks 1 
and 9, and Weeks 9 and 25, point to the important role of P 
on levels of hormones such as FGF-23 and iPTH and on bone 
turnover. However, it is not clear whether the reason under- 
lying the greater reduction in FGF-23 in both of the groups in 
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Table 3. Median (Q1-Q3) serum bone regulating factors and markers of the two study groups (PPS) at baseline, Weeks 9 and 25 (for 



the statistical analyses between treatment groups, values were adjusted for the baseline value, centre and covariates) 



Laboratory 
parameter 


CaMg 


Sevelamer-HCl 


Significance 

(between 

groups) 

ANCOVA 

(repeated 

measures) 


Week 
1 


Week 
9 


Wilcoxon 
test (Wl 
versus W9) 


Week 
25 


Wilcoxon 
test (W9 
versus 
W25) 


Week 
1 


Week 
9 


Wilcoxon 
test (Wl 
versus W9) 


Week 
25 


Wilcoxon 
test (W9 
versus 
W25) 


iFGF-23 
(pg/mL) 


570; 

251- 

1741 


327; 

138- 

1104 


P < 0.0001 


343; 

145- 

894 


P = 0.4881 


779; 

278- 

1769 


404; 

137- 

962 


P < 0.0001 


309; 

121- 

736 


P = 0.0047 


P = 0.0705 


Log iFGF-23 
(pg/mL) 


6.3; 

5.5- 

7.5 


5.8; 

4.9- 

7.0 


P < 0.0001 


5.8; 

5.0- 

6.8 


P = 0.5516 


6.7; 

5.6-7.5 


6.0; 

4.9-6.9 


P < 0.0001 


5.7; 

4.8- 

6.6 


P = 0.0011 


P = 0.1573 


AP (U/L) 


90; 

69- 

110 


94; 

74- 

132 


P < 0.0001 


87; 

71- 

130 


P = 0.3955 


88; 66- 
115 


109; 
83- 
146 


P < 0.0001 


117; 
94- 
145 


P = 0.0315 


P < 0.0001 


Bone AP 
(U/L) 


25.4; 

16.5- 

33.5 


28.5; 

18.2- 

42.1 


P < 0.0001 


29.2; 

18.5- 

40.5 


P = 0.0909 


23.1; 

17.9- 

32.3 


30.5; 

22.7- 

43.6 


P < 0.0001 


36.4; 

27.1- 

47.1 


P< 0.0001 


P < 0.0001 


Total PI NP 

(^ig/L) 


403.9; 

289.5- 

606.5 


377.4; 

264.1- 

640.4 


P = 0.1041 


385.4; 

249.0- 

613.2 


P = 0.7522 


425.5; 

271.5- 

670.6 


460.1; 

337.2- 

742.4 


P = 0.0014 


518.3; 

331.9- 

803.5 


P = 0.0006 


P < 0.0001 


Osteoprotegerin 
(pmol/L) 


19.47; 

12.99- 

24.24 


20.13; 

13.90- 

24.58 


P = 0.1674 


18.74; 

13.43- 

25.18 


P = 0.9779 


15.78; 

12.43- 

21.68 


16.75; 

12.68- 

23.14 


P = 0.0888 


16.80; 

14.16- 

23.32 


P = 0.3097 


P = 0.1718 


P-CTx (pg/mL) 


2552; 

1806- 

3357 


2200; 

1373- 

2921 


P < 0.0001 


2264; 

1354- 

2821 


P = 0.2378 


2818; 

1726- 

3544 


2855; 

2158- 

3685 


P = 0.4130 


3308; 

2288- 

4200 


P< 0.0001 


P < 0.0001 


TRAP 5b (U/L) 


3.3; 

2.1- 

5.3 


3.3; 

2.1- 

4.9 


P = 0.1201 


3.6; 

2.3- 

5.5 


P = 0.0013 


3.3; 

2.2-5.5 


3.9; 

2.8-5.8 


P < 0.0001 


4.7; 

3.2- 

6.5 


P = 0.0008 


P < 0.0001 


ANCOVA, analysis of covariance; AP, alkaline phosphatase; P-CTx, beta-crosslaps; CaMg; calcium acetate/magnesium carbonate; HCI, hydrochloride; iFGF-23, intact fibroblast growth 
factor 23; PINP, procollagen type 1 amino-terminal propeptide; PPS, per protocol set; TRAP 5b, tartrate-resistant acid phosphatase 5b. 



the first phase is attributable to the effect of the phosphate 
binder on serum P alone or whether the binder itself has an in- 
trinsic effect, especially since no correlation could be estab- 
lished between any parameter in this phase (with the 
exception of a weak correlation between iFGF-23 and iPTH in 
the sevelamer-HCl group). 

Vitamin D strongly influences iFGF-23 levels [25] and 
administration of vitamin D in patients on dialysis leads to an 
increase of iFGF-23 levels [26]. In our study, the dose of 
vitamin D (independent of whether it was prescribed as a sup- 
plementation or as active vitamin D) remained constant and 
there was no difference between treatment arms; thus, we 
could not observe any relationship to iFGF-23 levels (data not 
shown). 

Additional factors that may influence the levels of 
fibroblast growth factor-23 

As previously described [21], other factors that determine 
serum Ca and/or Ca balance (oral intake, vitamin D adminis- 
tration, dialysate Ca concentration) may also have an impact 
on the extent of FGF-23 decrease. In our study, the slight in- 
crease in serum iCa in both groups and the very small increase 
in total serum Ca for CaMg did not play a role in attenuating 
the decrease in FGF-23 (Supplementary data. Table SI) [27]. 
Similar results were reported in an acute study in HD patients 
with elevated PTH levels investigating the effect of high and 
low serum Ca with the use of different dialysate Ca concen- 
trations. In the same study, no direct relationship between Ca 
levels and iFGF-23 could be established [28]. In contrast, an 
association between serum Ca changes and log iFGF-23 was 
reported in a separate long-term study [29]. 

Our data suggest that an increase in Mg might be another 
factor that can influence the decrease in iFGF-23. A possible 
and hitherto unknown direct or indirect physiological inter- 
action remains to be elucidated. FGF-23 lowering might also 
be modulated via the Ca-sensing receptor [29], and perhaps 
the reason that no correlation was found between the decline 
of iPTH and iFGF-23 in the CaMg group may be attributable 
to the effects of Mg on the Ca-sensing receptor. A similar 
finding was described in the secondary analysis of a study 
investigating the effect of cinacalcet on FGF-23 [29]. A direct 
relationship between iPTH and iFGF-23 was not found; 
however, the authors discussed a direct effect or an indirect 
mechanism via the Ca-sensing receptor and/or phosphate low- 
ering as a possible explanation [29]. In our study, a direct, 
albeit weak, correlation is evident between iFGF-23 and the 
decrease in iPTH from Weeks 1 to 9 in the sevelamer-HCl 
group, which is not surprising in patients with CKD, in whom 
a direct effect of PTH on FGF-23 mRNA has previously been 
described [20]. 

Differing effects of phosphate binders on bone 
parameters 

In general, there was a more significant increase in markers 
of bone turnover in the sevelamer-HCl group compared with 
the CaMg group, especially after the initial phase of P lower- 
ing. This suggests that while control of P levels with CaMg is 
associated with a similar reduction in serum levels of FGF-23 



as with sevelamer-HCl, the influence of CaMg on bone turn- 
over markers is less pronounced. 

Interestingly, while iPTH levels dropped significantly 
during the first 9 weeks in both of the groups, bone parameters 
such as BAP increased. While the changes in the levels of BAP 
and iPTH frequently tend to correlate positively with each 
other [30, 31], a lack of correlation between these two par- 
ameters has also been documented [32]. In our longitudinal 
study, the initial lowering of iPTH is most probably caused by 
the direct effect of P on the parathyroid gland [33, 34], while 
the increase in membrane-bound enzyme BAP probably re- 
flects the normalization in osteoblast activity following the 
same reduction in serum P levels (that is, the effects on bone- 
remodelling and BAP levels are independent of the effect on 
the parathyroid gland). 

In line with other studies [23, 35-38], a more pronounced 
increase in bone markers with sevelamer-HCl in comparison 
to CaMg was evident in our study. This may represent some 
clinical benefit, for example, in patients with low bone turn- 
over disease [36], or it may reflect an aggravation of secondary 
hyperparathyroidism [31]. Furthermore, an increased level of 
AP is associated with increased mortality, as recently reported 
in epidemiological studies [39, 40]. However, whether an in- 
crease in markers associated with bone mineral loss [41-43], 
such as TRAP 5b and OPG seen in the patients on sevelamer- 
HCl, can lead to an apparent clinical effect is an issue that re- 
quires further investigation. 

Although the ideal levels of bone markers in patients re- 
ceiving dialysis remain to be established, the use of CaMg as a 
phosphate binder appears to moderately correct levels towards 
the normal range and prevents a continuous increase. The lack 
of a placebo group in this study limits the extent to which we 
can detail relative effects of phosphate binders on bone turn- 
over. Nevertheless, a recent investigation of several different 
phosphate binders, which also included a placebo group, in 
pre-dialysis patients simflarly showed differential changes in 
bone mineral density, depending on the phosphate binder or 
placebo use, further supporting our findings [44]. However, 
the reason for the different effects of both phosphate binders 
on bone parameters in the current study remains to be eluci- 
dated. Possibilities include an effect of Ca and Mg, as well as 
an effect of acid-base status on the bone turnover [45, 46], 
which improved with CaMg but remained unchanged in the 
sevelamer-HCl group [7]. 

There is a concern that increased serum Mg levels may 
potentially have a harmful effect on bone, such as mineraliz- 
ation defects and adynamic bone disease, in dialysis patients 
[47]. In contrast, Mg levels in the upper normal range in the 
general population and mildly elevated levels in patients with 
CKD 5 have in fact been associated with benefits, including 
reduced cardiovascular calcification, reduced hypertension 
and reduced mortality [47-49] . 

In our study, we did not perform bone biopsies, which is a 
major limitation, and therefore we cannot exclude the possi- 
bility of development of adynamic bone disease. However, the 
observed lack of decrease in bone formation markers such as 
BAP, known for its high specificity and sensitivity in identify- 
ing bone remodelling when compared with bone biopsies [30, 
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31], supports the absence of adynamic bone disease. In 
addition, a large bone biopsy study in 100 patients did not tind 
Mg bone content to be correlated with osteomalacia or any 
other type of bone disease, even though the Mg/Ca ratio was 
elevated in dialysis patients compared with healthy controls 
[50]. Furthermore, in 35 patients in the same study who were 
diagnosed with adynamic bone disease, the Mg content of 
bone biopsies did not differ significantly from other types of 
renal osteodystrophy. 

In summary, in contrast to the sevelamer group, bone 
marker changes over time indicate that CaMg helps maintain 
bone health, causing neither an overstimulation nor a suppres- 
sion of bone turnover. 



I 



CONCLUSION 

This study provides an intriguing insight into the therapeutic 
effects of the phosphate binders CaMg and sevelamer-HCl on 
FGF-23 and bone markers. The differing effects of phosphate 
binders on bone metabolism reinforce the need for studying 
these effects for each respective phosphate binder separately 
[44]. Limitations of the study are that it did not include a 
placebo control and we did not conduct any bone biopsies. 
Further studies are required to understand better the reason(s) 
underlying the different effects of CaMg and sevelamer-HCl 
on FGF-23 and bone parameters. 

In conclusion, CaMg lowered serum levels of iFGF-23 to 
the same extent as sevelamer-HCl in this controlled, random- 
ized study. Changes in bone parameters were dependent on 
the characteristics of each phosphate binder. CaMg resulted in 
an increase in serum Mg but did not have a distinct effect on 
bone turnover markers. 
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